The potential contribution of onset and duration of pharmacological action to the reinforcing strength of three intravenously delivered N-methyl-D-aspartate antagonists was evaluated in this study. The onsets and durations of action of ketamine, phencyclidine, and dizocilpine were evaluated by observation and tabulation of their behavioral effects in rhesus monkeys after i.v. administration. The reinforcing effects of each drug were tested in a paradigm in which the fixed ratio requirements for i.v. drug injection were increased systematically. The peak observable effect of ketamine occurred immediately after its administration. There were some immediately observable effects of phencyclidine, although the peak effect of phencyclidine was delayed for 3 to 10 min. Dizocilpine had few immediate effects and a peak effect 32 min after administration. Ketamine had the shortest duration of action, followed by phencyclidine and dizocilpine. Analysis of demand curves and response output curves that were normalized to account for potency differences among the drugs revealed that ketamine and phencyclidine were equally effective as reinforcers, and they were both much stronger reinforcers than was dizocilpine. The data therefore suggest that a fast onset of action increases the reinforcing strength of drugs, although duration of action may play a role as well.
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It is generally reported that stimuli function better as reinforcers (i.e., maintain higher response rates) if there is little to no delay between the response that produces them and their delivery (Renner, 1964; de Villiers, 1977) . This has been shown as well in situations in which drugs serve as reinforcers. Imposing a delay between a response and drug administration reduced the rates of behavior maintained by intravenous cocaine and procaine (Beardsley and Balster, 1993) , and cocaine maintained lower rates of responding when it was delivered slowly Panlilio et al., 1998) . Studies in humans indicated that a single oral dose and divided oral doses of diazepam or pentobarbital produced similar peak plasma drug levels, but these levels were reached more quickly after the single dose. Measures of drug-induced euphoria were significantly higher after administration of the single dose (de Wit et al., 1992 (de Wit et al., , 1993 . Recently, Abreu et al. (2001) reported that rapid infusions (30 mg/70 kg over 2 s) of cocaine produced greater subjective effects than slower (60-s) injections of the same dose, whereas subjects did not respond differentially to rapid versus slow infusions of 3 mg/70 kg hydromorphone. Marsch et al. (2001) evaluated the effects of rate of intravenous morphine infusion (5 and 10 mg/70 kg) on physiological and subjective responses to the drug in normal volunteers. They found that faster infusions (2 min) produced higher peak plasma levels of morphine and greater positive subjective reports than slower infusions (60 min).
Most of these studies support the notion that greater effects, including subjective and reinforcing effects, accompany rapid drug administration. It should be true as well that drugs with more rapid onsets of action are stronger reinforcers than drugs with similar pharmacological effects but slower onsets of action.
Phencyclidine, ketamine, and dizocilpine are structurally diverse compounds that have many common pharmacological effects; these appear to be mediated by uncompetitive antagonism of the effects of glutamate at the N-methyl-D-aspartate (NMDA) subtype of glutamate receptors (Anis et al., 1983; Mendelson et al., 1984; Koek and Woods, 1988a) . Two of the several effects that NMDA antagonists may have in common in rhesus monkeys are their ability to produce characteristic behavioral impairment resulting in dissociative anesthesia (Chen and Weston, 1960) , and their ability to serve as reinforcing stimuli Moreton et al., 1979; Winger et al., 1991) . Koek and Woods (1988b) noted that the uncompetitive NMDA antagonists ketamine, phencyclidine, and dizocilpine, as well as dexoxadrol and (ϩ)-N-allyl-normetazocine, produced a very similar and pharmacologically specific anesthesia in rhesus monkeys. The maintenance of both respiratory rate and muscle tone in the presence of anesthesia was characteristic of these drugs. The reinforcing effects of phencyclidine and phencyclidine-like drugs have been observed in rats, dogs, and baboons, as well as in rhesus monkeys (Young and Woods, 1981; Slifer and Balster, 1983; Lukas et al., 1984; Marquis et al., 1989) . In an early study, phencyclidine did not maintain behavior well in rhesus monkeys when the fixed ratio was increased from 1 to 5 . Ketamine, however, maintained behavior as the fixed ratio was increased (Moreton et al., 1979) . This suggested the possibility that these two compounds were quite different in their reinforcing strengths. Dizocilpine maintained behavior in the majority of monkeys when it was substituted for ketamine (Koek et al., 1988; Beardsley et al., 1990) , although in some situations, rates of responding maintained by dizocilpine were lower than those maintained by phencyclidine or ketamine (Winger et al., 1989 (Winger et al., , 1991 .
In the present study, the speed of onset and duration of action of observable behavioral effects of three NMDA antagonists were determined after their intravenous administration to rhesus monkeys. In addition, the ability of these drugs to maintain responding in a situation in which the behavioral output required for drug delivery was increased periodically was assessed and analyzed using traditional rate measures as well as procedures that allowed comparisons among the drugs with respect to their reinforcing strength (Hursh and Winger, 1995) .
Materials and Methods

Overt Behavioral Effects and Anesthesia
Subjects and Apparatus. Three adult rhesus monkeys, two males and one female, were observed after i.v. administration of each of the three NMDA antagonists. Each of the subjects had a history of self-administration of these drugs, although they were not used in the self-administration study reported herein. The monkeys were housed individually in stainless steel cages measuring 83.3 ϫ 76.2 ϫ 91.4 cm. Silicone rubber (Mox-Med, Portage, WI) catheters had been surgically implanted in a jugular, femoral, external jugular, or brachial vein of each monkey. Surgery was performed under aseptic conditions using 10 mg/kg ketamine and 2 mg/kg xylazine as anesthetics. After surgery, the monkeys wore tubular stainless steel harnesses that protected the catheters that passed subcutaneously from the surgical incision site to the midscapular exit sites. The harnesses were attached to flexible tethers that carried the catheters to the outside rear of the cages. The research reported herein has been conducted in accordance with the Guide for the Care and Use of Laboratory Animals as adopted and promulgated by the National Institutes of Health.
Procedure. At least two doses of each of the three NMDA antagonists were administered to each of the three monkeys. The selected dose of drug was administered through the indwelling catheter, which was then flushed with approximately 3 ml of sterile saline. At the time the flush was completed, a clock was started, and the monkeys were observed at 1, 3, 10, 32, 56, 100, 178, and 320 min. Observations were discontinued when the monkeys no longer showed any effects of the administered drugs.
The animals' behavior was scored on a sheet like that shown in Table 1 . The items on the sheet were developed by observing and rating several monkeys that had been given relatively large doses of ketamine intravenously. The three items reflecting reaction to the environment and the miscellaneous items of salivation and nystagmus were rated simply as present (ϩ1) or absent (0). The postural changes were weighted and scored from 0 to ϩ6. The ϩ scores were added for each time of observation to yield a total score for that animal. The maximum score that could be attained was 11. Scores of 10 or 11 reflected a monkey that was unresponsive to touch or pin prick, that was lying down, and that showed no resistance to passive movement (i.e., anesthesia). For the initial three or four observations of the effects of ketamine, the monkeys were rated by two observers who were aware of the drug being administered but scored the animals independently. The observers subsequently compared notes to ensure that they were responding to the monkeys with similar scores. Further evaluation was continued with only one of the observers, who was blind to the drug being administered. The observer stood in front of the monkeys' cages during the observation period.
Self-Administration
Subjects and Apparatus. Three adult male monkeys served as subjects in this phase of the study. They were housed individually in the same types of cages as those described above for the observation studies. The cages each had a response panel mounted on the side that contained three stimulus lights over two response levers. The two outside lights could be illuminated red; the center light could be illuminated green and was yoked to the infusion pump. The monkeys had indwelling i.v. catheters implanted as described above and wore Teflon mesh jackets (Lomir Biomedical, Malone, NY) to protect the catheters. These jackets attached to flexible tethers that carried the catheters to the outside rear of the cages where they connected to infusion pumps (model MHRK 55; Watson-Marlow Co., Falmouth, UK).
Procedure. Sessions of drug availability lasted for 130 min and occurred twice daily, at 10:00 AM and 4:00 PM. Drug availability was signaled by the illumination of one of the two red stimulus lights. In the presence of the red light, after the specified number of lever-press responses, the red light was turned off, the pump was operated for 5 s, 1 ml of drug or saline solution was delivered, and the green, center light was illuminated. Pump operation was followed by 10 s of time-out in which no lights were illuminated in the cage and leverpress responses had no scheduled consequence.
Three doses of each of the three NMDA antagonists were evaluated in the self-administration studies. Typically, a given dose was made available to the monkeys at the smallest fixed ratio value (fixed ratio 1) for five to seven sessions. Once consecutive sessions of drug availability had been studied, saline was made available for several consecutive sessions at the same ratio. The fixed ratio then was increased to 10, and this dose was available for another five sessions followed by saline availability. In a similar manner, fixed ratios of 32, 100, 320, and 1000 were tested, each for five to seven sessions at each dose. The dose of drug was then changed, typically increased, and this procedure repeated for the three doses of each compound. The five to seven sessions during which each dose was available at a given fixed ratio value were consecutive sessions for all doses of ketamine. Ketamine is sufficiently short-lasting that each session was independent of the previous session; behavior was similar during the morning sessions that started 16 h after the previous selfadministration opportunity and the evening sessions, 4 h since drug was last available. For phencyclidine and dizocilpine, which had longer durations of action, drug was typically available on only one of the two daily sessions, either in the morning or in the afternoon, and saline, at the same fixed ratio, was available in the other session. This was done to ensure independent measures for these longer acting drugs. When ratios increased to the point where only one or two injections of dizocilpine or phencyclidine were taken in a session, drug was made available on consecutive sessions. Due to an oversight, two of the monkeys did not receive the largest dose of dizocilpine at a fixed ratio 1. The data were analyzed using information from the single monkey who received this dose at this ratio.
Drugs
Dizocilpine (MK-801; Sigma-Aldrich, St. Louis, MO) and phencyclidine hydrochloride (National Institute on Drug Abuse, Rockville, MD) were dissolved in physiological saline. These drugs were made up in concentrations of between 1 and 10 mg/ml for intravenous administration in the studies of direct observation. Ketamine hydrochloride (Vetpo, Holland, MI) was used as the commercially available solution of 100 mg/ml with 0.1 mg/ml benzethonium chloride added as a preservative.
Data Analysis
Overt Behavioral Effects and Anesthesia. Total impairment scores were recorded for each monkey for each time by adding the number of ϩ scores recorded on the observation chart. These were plotted for the individual animals as impairment scores over time for each of two doses of each drug.
Self-Administration. Rates of responding were calculated as the number of responses made during illumination of the red stimulus light, divided by the number of seconds the light was illuminated in each 130-min session. Drug intake was calculated as the dose in milligrams per kilogram per injection multiplied by the number of injections taken in each session. These values were averaged over the last five sessions at each fixed ratio value for each monkey. Occasionally, equipment failure limited to four the number of sessions of exposure to a particular dose for a particular monkey, in which case, these four sessions were averaged for this animal. The rate and intake values were then averaged across the three monkeys to provide the data for the figures.
Normalized demand curves were constructed using the procedure described by Hursh and Winger (1995) . Normalization was necessary because demand curves contain milligrams of drug in both the ordinate (consumption of drug in mg/kg/session) and the abscissae (price as ratio/reinforcer in mg/kg/injection). Thus, before normalization, the demand curves were strongly influenced by the potency of the drugs, which varied widely in these three compounds. Normalization effectively set the consumption of each drug to the same value (log 100) at the smallest price (fixed ratio 1 at the largest dose). The effect of increases in price on drug consumption starting at this normalized value was then compared for each drug.
Data for the smallest dose of dizocilpine were not included in these analyses because, as shown below, this dose did not yield rates of responding indicative of reinforcing effects. Likewise, data for fixed ratio 1000 are also omitted from the analyses; not all animals received the fixed ratio 1000 condition, and frequently no drug injections were obtained at this fixed ratio in the animals who did receive it. The values of normalized dose (q) (100/consumption at the lowest fixed ratio), normalized price (P) (fixed ratio/q), and normalized consumption (Q) (number of reinforcers per session at each fixed ratio ⅐ q), as well as log P and log Q were calculated in an Excel spreadsheet. This information was graphed in GraphPad Prism (GraphPad Software, San Diego, CA) using nonlinear curve fitting and the formula Y ϭ log(100) ϩ B(X) Ϫ (A ⅐ (10∧X)) ⅐ log(e), where Y is log Q and X is log P. Initial values were set to b ϭ Ϫ0.05 and a ϭ 0.004. GraphPad Prism returned values for initial slope (b), acceleration (a), and variance accounted for by the curve fit (R 2 ). These were returned to the Excel spreadsheet, where elasticity of the demand functions (P max ) and O max were calculated.
Normalized response output functions were calculated using a similar procedure. The formula for response output functions was Y ϭ log(100) ϩ ((B ϩ 1) (X)) Ϫ (A ⅐ (10∧X)) ⅐ log(e), where Y is log responses and X is log P. Initial values were the same as those for the calculation of demand functions. A repeated measures analysis of variance was used to determine differences among the P max and O max data.
Results
Overt Behavioral Effects and Anesthesia. Total impairment scores for two doses of ketamine, phencyclidine, and dizocilpine are shown for individual monkeys over time in Fig. 1 . Each of the three drugs produced a maximum or near maximum score of 10 or 11 after i.v. administration of the larger of two doses. The peak effect of 10 mg/kg ketamine occurred as quickly as the observations could be made after intravenous administration. A dose of 3.2 mg/kg also had its peak effect at the first observation time of 1 min, but this effect was considerably less profound than was that produced by 10 mg/kg. Virtually all observable effects of 3.2 mg/kg ketamine had disappeared at 32 min after administration, and all directly observable effects of 10 mg/kg ketamine had disappeared at the 100-min observation point.
Phencyclidine's overall effects indicated a variable but clear effect of both doses within 1 min after i.v. administration and a rapidly increasing effect over the next 2 min. This effect was maintained, or increased if it was not maximal, at 10 min, and then decreased gradually to complete recovery by 100 to 178 min. One monkey showed a more gradual increase in effects, reaching a peak effect at 32 min rather than at 3 or 10 min as with the two other monkeys. The effects of the smaller dose of 1.0 mg/kg were only slightly less than those of the larger dose of 1.8 mg/kg; the smaller dose did not produce quite as high a maximum response, and, in two of the three monkeys, the effects of the smaller dose did not last as long as did those of the larger dose.
Dizocilpine at doses of 0.1 and 0.32 mg/kg, given i.v., had very little effect at the first observation time of 1 min. The effects of the larger dose increased gradually and reached a peak effect, which included prostration and lack of responsiveness to pinprick, 32 min after administration. The effects of the smaller dose also increased gradually and peaked at 32 min after administration, but this peak effect was considerably less than that produced by the larger dose. The duration of effect of the smaller dose of 0.1 mg/kg was 178 min, whereas the effects of the dose of 0.32 mg/kg had disappeared at the 320-min measurement time.
Self-Administration. Rates of responding and the corresponding drug intake for the three NMDA antagonists is shown in Fig. 2 . Rates of saline-maintained responding are not shown, but they tended to increase as the ratio increased, peaked at a ratio value of 32 or 100, and were never greater Fig.  2 , left, each of the three drugs maintained rates and patterns of responding that indicated that they served as reinforcers. This was true of each of the three doses of ketamine and phencyclidine, but was true only of the two larger doses of dizocilpine. Two of the three monkeys showed similar rates of responding across the drug, dose, and fixed ratio conditions; the third monkey had consistently lower rates of responding across all drugs, and did not demonstrate rates of responding above those maintained by saline with any dose of dizocilpine. For ketamine and phencyclidine, this monkey typically showed peak levels of responding at the same fixed ratio values as the other two monkeys. These rates were simply lower for this animal.
The most rapid peak rates of responding were maintained by ketamine, followed by phencyclidine. Dizocilpine maintained the slowest peak rates of responding. The overall pattern of the effects of increasing fixed ratio value on rates of responding was an inverted U shape. Thus, rates of responding were slow at the small fixed ratios, increased to a maximum as fixed ratio increased, and declined with further increases in fixed ratio. In addition, there was a rightward shift in the fixed ratio-response curve as dose was increased. As fixed ratio was increased, there was a consistent doserelated pattern of rates of responding: on the ascending limb of the fixed ratio curves, the smaller the dose, the higher were the rates of responding. On the descending limb of the fixed ratio curves, the larger doses maintained higher rates than the smaller doses.
Drug intake is shown in Fig. 2 , right. Greatest drug intakes were shown when the largest doses were available for self-administration, and intake decreased monotonically as fixed ratio increased. Thus, the highest intakes occurred at the largest dose and smallest fixed ratio. These intakes were 0.16 mg/kg dizocilpine, 1.98 mg/kg phencyclidine, and 26 mg/kg ketamine.
In Fig. 3 , the demand and response output curves for the three drugs are graphed. Both the demand and response output curves generated by ketamine and phencyclidine were virtually overlapping, whereas the dizocilpine curve was located to the left and down from the ketamine and phencyclidine curves. This indicates that the dizocilpine demand curve was more elastic and the maximum response output was less than were those of ketamine and phencyclidine, which suggests in turn that dizocilpine was a less strong reinforcer than were the other two drugs.
The demand curves for each drug resulted in P max and O max values that could be compared. Table 2 shows the values for each drug as well as the goodness of fit (R 2 ) value for each demand function. The goodness of fit for the demand curves to the obtained data was excellent; values of greater than 0.97 were shown by each of the drugs. The O max for ketamine was slightly larger than that for phencyclidine, but not statistically significant (F ϭ 0.73, P ϭ 0.5), whereas the O max for dizocilpine was significantly smaller (F ϭ 17.28, P ϭ 0.05). The P max values, like the O max values, were not significantly different for ketamine (316) and phencyclidine (232) (F ϭ 0.27, P ϭ 0.6), but values for both of these drugs were significantly larger than the P max for dizocilpine (F ϭ 19.45, P ϭ 0.05). The order of both P max and O max values was ketamine Ͼ phencyclidine Ͼ Ͼ dizocilpine.
Discussion
Ketamine, phencyclidine, and dizocilpine are NMDA antagonists with similar behavioral and pharmacological ef- and dizocilpine is the most potent of the three drugs, with a relatively slow onset of action and a relatively long duration of action. These difference and similarities were observed after intravenous administration of these three drugs. Each jpet.aspetjournals.org produced dose-related, profound, and similar observable behavioral effects, culminating in prostration and lack of response to environmental manipulation. Ketamine produced its strongest observable effects following administration of 3.2 mg/kg, and these were observed immediately after drug administration. All effects of this dose of ketamine had disappeared at 32 or 100 min. Phencyclidine also had immediate effects after administration of 1.0 and 1.8 mg/kg, but these effects became more marked over the first 3 min. Effects of the larger dose of phencyclidine were still present in mild form 178 min after administration. Dizocilpine had more slowly developing effects after administration of the most effective dose of 0.32 mg/kg. Very little effect was observed immediately; effects were clearly present at 3 min, and peak effects of 0.32 mg/kg dizocilpine were delayed until 32 min after drug administration. Two animals continued to show some effects of dizocilpine 320 min after administration. Thus, the similarity of pharmacological action, with differences in potency, onset, and duration of action were confirmed in this study. The observable effects of these drugs have been described in detail by Koek and Woods (1988b) and include nystagmus, ataxia, and anesthesia without loss of muscle tone or eye closure. Similar effects were observed in the present study.
Each of the three NMDA antagonists functioned as a reinforcer. The ability of each of these drugs to maintain behavior on which its i.v. administration was contingent has been shown by several other investigators using rhesus monkeys as subjects Moreton et al., 1979; Young and Woods, 1981; Koek et al., 1988; Winger et al., 1989; Beardsley et al., 1990) . These drugs had similar differences in potency in the self-administration studies as they had shown in direct behavioral observation studies, both in terms of the doses that maintained maximum rates of responding and in terms of total drug intake. Rates of responding as a function of fixed ratio showed a pattern that has been demonstrated with drugs from other pharmacological classes (Lemaire and Meisch, 1985; Winger, 1993) . Low rates of responding were shown at low fixed ratio values, and these rates increased with increasing fixed ratio values until a peak was reached. As ratios increased above this value, rates declined again. The low rates occurring with low fixed ratio values have been observed in situations where reinforcers other than drug are available (Hursh, 1984; Hursh et al., 1988; Bauman et al., 1996) . These low rates may be due primarily to the rate-decreasing effects of accumulated reinforcers (e.g., satiation). This is supported by the fact that, even at low fixed ratios, rates were higher when smaller doses of drug were response-contingent. Interestingly, at the smallest fixed ratio value, in the 130-min sessions, monkeys self-administered 2.5 times the dose of ketamine that, when given as a bolus, produced a total impairment score of 10. The session intake of phencyclidine was equal to the bolus dose that produced a total impairment score of 10, and the session intake of dizocilpine was half the bolus amount that produced a total impairment score of 10. This difference in drug intake as a proportion of the amount of drug producing anesthesia probably reflects a difference in the duration of action of the drugs, which impacts the amount that can be self-administered in a 2-hour session. Nevertheless, it is perhaps noteworthy that dizocilpine did not maintain high rates of responding even though the amount self-administered was less than that producing anesthesia. Presumably, the inability of dizocilpine to produce high rates of responding at intermediate fixed ratio values was not due to the direct behaviorally impairing effects of the drug but rather to its weak reinforcing effectiveness.
As increasing fixed ratios led to reductions in drug intake, rates of responding increased. The maximum rate tended to occur at lower ratios for smaller doses, reflecting, most likely, the reduced ability of small doses to maintain behavior when the ratio was large. Thus, at the largest ratio or ratios, rates of responding decreased more precipitously for the smaller Fig. 3 . Demand curves (top) and response-output demand curves (bottom) generated by ketamine (F), phencyclidine (OE), and dizocilpine (f). Abscissae: log price (fixed ratio/dose) normalized to account for potency difference. Ordinate, top: log of session drug consumption, normalized to account for potency differences among the drugs. Ordinate, bottom, log of responses per session. Onset of Action and Drug Reinforcement 695 doses. This may indicate a lower reinforcing strength of smaller doses of each of these drugs. Collapsing doses and ratios into a single price measure (ratio/dose) removed the differential effect of dose on response rates, and allowed a single response-output demand function to be drawn. As indicated by Bickel et al. (1995) , the fact that a single demand function could be used to describe the interaction of response output or consumption and the independent variables of ratio and dose, indicates that increasing the ratio is behaviorally identical to decreasing the dose of drug. The comparative demand and response-output functions were obtained using a normalization procedure that corrected for the differences in potencies among the drugs, and the differences in reinforcing strength could be more clearly observed. Two measures, P max and O max , were compared. P max is the price at which peak response output occurs, and is also the point at which elasticity of the demand curve is equal to Ϫ1. (Hursh and Winger, 1995) . In the current study, both measures yielded the same ordering of drugs: ketamine and phencyclidine were nearly equally strong as reinforcers with statistically similar P max and O max values. Both of these drugs were stronger reinforcers than was dizocilpine, which had smaller P max and O max values.
The relation between P max and O max is not yet understood. Bickel et al. (2000) theorizes that reinforcement effectiveness is not a unitary concept, but a heterogenous one. It is indicated by, among other things, elasticity or P max , which is correlated with the amount of effort an animal is willing to expend to earn the reinforcer (e.g., break point on a progressive ratio measure), and O max , the response output at P max , which is correlated with how much the animal responds to earn the reinforcer. There are data that indicate that P max and O max do not covary (Hursh and Winger, 1995; Bickel et al., 2000) , but it is not intuitively obvious why they do not. Neither is it obvious whether one is a more appropriate measure of reinforcing effectiveness than the other; whether both are helpful, important, or necessary; or how they relate to each other. This information is likely to come as more data are gathered, and more discussion encouraged on these concepts.
The differences in the reinforcing effectiveness of these drugs could be due, among other possible factors, to pharmacological distinctions among them, to differences in their durations of action, or to differences in their onsets of action. Pharmacological distinctions among these drugs are much less commonly reported in the literature than are pharmacological similarities. There is evidence that phencyclidine is superior to ketamine and dizocilpine as a dopamine reuptake blocker (Johnson and Jones, 1990) , but this does not explain the fact that phencyclidine and ketamine functioned equally well as reinforcers. In addition, the rank order potency of most of the drugs' actions at the NMDA receptor are the same as their rank order potency in behavioral and physiological measures (Parsons et al., 1995) , supporting the notion that it is the action at this receptor that is responsible for the reinforcing effects of these drugs.
The marked differences in duration of action of these three compounds could also contribute to the differences in the ability of these drugs to maintain behavior. Drug accumulation should be greater with drugs with long durations of action, and this could lead to suppression of behavior. The use of the increasing fixed ratio procedure helps to mitigate the potentially suppressing effects of long-acting compounds. As the ratio increases, the time between drug administration increases as well. For a drug that functions well as a reinforcer, even with a long duration of action, behavior should be maintained as the fixed ratio value and the time between injections increases. This is most clearly seen with ketamine and phencyclidine, which differ considerably in their durations of action; they were nearly equally effective as reinforcers. Furthermore, opioids that differed considerably, and apparently exclusively, in their durations of action did not differ in their relative reinforcing effects (Ko et al., 2002) . It is therefore our conclusion that difference in duration of action is relatively unimportant in influencing the reinforcing effectiveness. Speed of onset seems to be the most important distinction among these drugs in this situation and, all other things being equal, drugs with rapid onsets of action serve better as reinforcers than drugs with slow onsets of action.
Although there is not a one-to-one correspondence between effectiveness of a drug as a reinforcer in the laboratory, and abuse liability of the drug "on the street", it is likely that speed of onset of drug action impacts drug abuse directly. Not only drugs with rapid onsets of action but also routes of administration that produce more rapid effects (i.v. versus s.c.; smoking versus insufflation) are likely to lead to greater involvement of the individual with the drug. This aspect of drug action is therefore a critical one in attempts to understand factors that contribute to the abuse of a particular drug.
